Abstract-Cladophora glomera is a genus of widely distributed, global, sessile, large green algae, which is also a euryhaline alga. This study discovered that changes in salinity can induce C. glomera to produce massive amounts of extracellular polymeric substance (EPS) when controlling other environmental conditions. If culturing C. glomera with salinity greater than a 3.0‰ medium for 24 hours, large amounts of EPS will be secreted. And the level of polysaccharides, the primary component of EPS, is slightly decreased in accordance with the increase in the salinity. Therefore, the level of polysaccharides in EPS can be controlled using different salinity in EPS production.
I. INTRODUCTION
C. glomerata (Chlorophyta, Cladophoraceae) is a wide ly distributed, global, sessile, large, filamentous green alg ae commonly found in freshwater areas [1] . It usually is a dominant species and is distributed in waters with diffe rent pollution levels. People often use C. glomerata as an industrial material due to its large growth in the growin g season, huge biomass, and ease in harvesting. Lately more and more studies have shown that it can also be u sed as an adsorption material to prevent pollution [2] [3] [4] [5] [6] , o r as the adjuvant in medicines [7] . In addition, it is also a unique material after carbonization or graphitization du e to its special fabric structure on the cell walls.
Cladophora is a euryhaline algae the same species can survive in estuaries or lagoons of variable salinity. To adapt to different salinities, Cladophora can change its total lipids as well as the composition of the lipids. As recent research has shown, the EPS of the algae is highly sensitive to salinity. The mucilage layer of C. glomerata is missing when it stays in freshwater areas. Once the salinity of the growing environment is increased, C. glomerata starts to secrete massive EPS so a mucilage layer is formed outside of the cell walls. In recent years, interest in the exploitation of valuable EPSs has been increasing for various industrial applications and renewable resource representing an important class of biotechnological importance [8, 9] .
Algal is the photosynthetic organism can grow in the different environment and EPSs production which makes algae a perfect candidate for biotechnological exploration.
This study investigated EPS production under different salinity by exploring the features of C. glomerata such as wide distribution, large biomass, and massive EPS induction. This study also investigated the changes of polysaccharides, the primary component of EPS, and hopefully the study results can be used as a reference for valuable EPSs.
II. METHODS

A. Algae
Cladophora is a branched and filamentous algae, the cell walls of which comprise an inner layer of cellulose, a middle layer of pectin, and an outer layer of chitin. In fresh water, lower quantities of EPS can be found on Cladophora. The surface of the algae is rougher, hosting a number of epithets, primarily Bacillariophyta as well as Cladophora, Cyanophyta, and Euglenophyta. C. glomerata usually is the dominant species in its habitat. In Taiwan, the dry weight of algae from freshwater rivers per square meters was up to 117g/m 2 . The C. glomerata used in this study was taken from the main river in Taiwan, the upstream of the Chengwun River, and then transferred to aquariums with different salinity for further culturing.
B. Influence of Salinity on C.glomerata EPS
The sessile C. glomerata grew healthily on the carriers (pebbles) and was harvested from the upstream of the Chengwun River (N 23º24´, E 120º41´) in Taiwan. The Chengwun River water above the tidal river reaches was also brought back to the laboratory to prepare a culture medium with different concentrations of salinity, including 8 different salinity levels such as unadjusted (assuming it was 0.0 ‰), 0.5‰, 1.0‰, 3.0‰, 5.0‰, 10.0‰, 20.0‰, and 30.0‰, so as to culture C. glomerata. Individual aquariums contained 10 liters of river water with different salinity, and the water was circulated using a small motor to create an adequate environment in which to culture C. glomerata. Samples were then taken at 4h, 8h, 12h, 24h, 48h and 72h to measure variation in mucilage layers and to be extracted EPS for polysaccharides analysis.
C. Thickness of Extracellular Mucilage Layer
To measure the mucilage layer to determine the EPS, we employed the methods used by Tien et al. (2002) [10] and Chiou et al. (2010) [11] . Fig. 1 shows measurements of the mucilage layer of the algae. Algae samples were placed on glass slides with an appropriate quantity of India ink and then observed using an optical microscope. The green regions in the image are the cell walls of Cladophora; the uniform halo on the outside was used to estimate the thickness of the mucilage layer. 
D. EPS Extraction Using Ultrasonication
There are two types of EPS extraction for algae, physical and chemical extraction methods. Physical extraction is more applicable to large algae. This study used ultrasonication to extract EPS [12, 13] . The algae was harvested from the aquarium, washed twice with tap water, and drained in a strainer at room temperature for 2 h until it dried naturally. Afterward extraction procedures were started (as indicated in Fig. 2 ). 
E. Analysis of Polysaccharides
The quantification of crude EPS depends on the thickness of the extracellular mucilage layer. Polysaccharide content was determined by the phenol-sulfuric acid [14] , using glucose as a standard. They measured the optical density of hexose at a wavelength of 490 nm and the optical densities of polysaccharides and uronic acid at a wavelength of 480 nm, and then compared them to the standard curve and calculated the total amount of polysaccharides in the sample.
III. RESULTS AND DISCUSSION
A. The Influence of Salinity on the C. glomerata EPS
To determine the influence of variations in salinity on the EPS and epiphytes of C. glomerata, we conducted experiments using onsite river water and various concentrations of NaCl, (0.0‰, 0.5‰, 1.0‰, 3.0‰, 5.0‰, 10.0‰, 20.0‰ and 30.0‰ salinity) to cultivate well-grown Cladophora algae samples. Table I and Fig. 3 . demonstrate the changes of C. glomerata EPS amounts under culture conditions with different salinity. The results indicated that although EPS secretion was not obvious if the C. glomerata was cultured lower 3.0‰ condition, once the culture salinity increased (≧ 3.0‰), EPS secretion also greatly increased accordingly. However, the increment of EPS secretion was not in a portion to the increase in salinity and culture time. In this case, C. glomerata, which grows naturally in freshwater areas and thus hardly forms a mucilage layer outside of its cell walls, may start to formulate mucilage layers in accordance with the increase in salinity. To protect itself, the algae could change its physiological conditions to adapt to the environmental changes. But the study results implied that critical salinity for creating significant changes in EPS production was 3.0‰. In this study, we discovered that on C. glomerata, an increase in salinity can accelerate the secretion of EPS, which thickens the extracellular mucilage layer, thereby affecting the attachment of epiphytic algae also.
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B. The Influence of Different Salinity on the Level of Polysaccharides in EPS of C. glomerata
The changes in polysaccharides levels in EPS under different salinity and culture time are shown in Table II and Fig. 4 . From the previous results, salinity impacts C. glomerata EPS production. Therefore, changes in salinity may stimulate algae originally grown in freshwater areas into producing a massive amount of EPS. And the total amount of EPS is slightly increased (not significant) in accordance with the increase in salinity and culture time; however, the level of polysaccharides, the primary component of EPS, is contrarily slightly decreased. By exploring the euryhaline feature of C. glomerata, this study discovered that EPS could be massively induced by regulating environmental salinity, and the level of polysaccharides in EPS can also be controlled using the different salinity of habitats when controlling other environmental factors.
IV. SUMMARY
Cladophora is a genus widely spread all over the world and is also a dominant species, large green algae in estuaries. The C. glomerata used in this study originally grew in freshwater areas, where it hardly secreted EPS. However, EPS could be rapidly secreted due to the changes in salinity in the habitat. Consequently the mucilage layer outside of the cell walls of the algae becomes thicker and thus has a negative impact on the epiphytes of epiphytic algae. This study revealed that EPS secretion was significantly increased when the C. glomerata was cultured in 3.0‰ of salinity for 24 hours, but the amount of EPS merely slightly increased in accordance with the increase of salinity and culture time.
The total amount of EPS is slightly increased in accordance with the increase in salinity and culture time; however, the level of polysaccharides is contrarily slightly decreased. This study indicated that EPS production and the level of polysaccharides in EPS can be controlled using changes in salinity. EPSs may allow further exploration of C. glomerata. Studies on the biotechnological importance and ecological significance of the extracellular polymeric substances of C. glomerata deserve further attention.
